Background: Acute kidney injury (AKI) was found to be associated with an increased risk of major adverse cardiovascular events (MACE) in the general population. Patients after kidney transplantation are prone to AKI events and are also at an increased risk of cardiovascular (CV) disease. The association between AKI and MACE in kidney transplant patients is yet to be studied. Methods: This retrospective single-center cohort study reviewed 416 adult renal allograft recipients transplanted between 2005 and 2010. AKI events were recorded starting 2 weeks after transplantation, or following discharge with a functioning graft. AKI was defined, according to the KDIGO criteria. The primary outcome was the composite of MACE starting 6 months after transplantation and all-cause mortality. For survival analysis, we used univariate and multivariate time varying Cox proportional hazard model. Results: One hundred and twenty-four patients (29.8%) had at least one episode of AKI. During the median follow-up time of 7.2 years (interquartile range 4.3-9.1), 144 outcome events occurred. By time varying Cox regression analysis, AKI was associated with an increased rate of CV outcomes or death (hazard ratio [HR] 1.96, 95% CI 1.36-2.81, p < 0.001), and the association remained significant by multivariate adjusted model (HR 1.76, 95% CI 1.18-2.63, p = 0.005). As for the different components of MACE, all-cause mortality and CV mortality were the only outcomes that were significantly associated with AKI. No interaction between AKI timing and MACE was found. Conclusion: AKI in kidney transplant recipient is associated with an increased risk of CV disease.
Introduction
Patients after kidney transplantation are susceptible to acute kidney injury (AKI) events, with a reported incidence of between 11.3 and 51.14% depending on the timing, duration of follow-up, and AKI definition [1] [2] [3] [4] [5] [6] . AKI was reported in up to 82.3% of hospital admissions of patients after kidney transplantation [4] . This high prevalence of AKI in kidney recipients is due to standard risk factors as well as risk factors unique to this population such as a single functioning kidney, chronic exposure to nephrotoxic medications, susceptibility to infection, and the risk of acute rejection [1] [2] [3] [4] [5] [6] [7] [8] . AKI after kidney transplantation was associated with an increased risk of long-term graft dysfunction or loss [1] [2] [3] [4] [5] [6] 8] and death from all causes [3] .
Patients after kidney transplantation are also at an increased risk of major adverse cardiovascular events (MACE) due to the combination of a higher prevalence of traditional risk factors such as hypertension, diabetes, dyslipidemia, and obesity as well as non-traditional risk factors such as renal impairment, anemia, proteinuria, and left ventricular hypertrophy [9] [10] [11] .
A recent meta-analysis of AKI in the general population reported that AKI is associated with an increased risk of cardiovascular (CV) mortality and MACEs, particularly heart failure and acute myocardial infarction [12] . The association between AKI and CV events in patients after kidney transplantation has not been investigated yet. In this study, we intend to evaluate whether there is an association between AKI events and MACE in patients after kidney transplantation.
Patients and Methods
The study cohort included patients who underwent kidney transplantation between January 2005 and December 2010. Patients with multiple organ transplantations and patients with graft survival of < 6 months were excluded. As MACE occurring in the immediate posttransplantation period can be the result of pre-transplantation and procedure-related factors, we excluded patients that had MACE during the first 6 months after transplantation.
The study was approved by our Institutional Review Board and was carried out in line with the Declarations of Helsinki and Istanbul. As this is a retrospective study, informed consent was not needed.
Exposure
Follow-up began 2 weeks after transplantation, or after discharge with a functioning graft. AKI was defined, according to the KDIGO criteria, as an elevation in serum creatinine (SCr) of 50% or more from baseline. Baseline SCr was defined as the average of the 2 SCr tests before the index measurement. All available SCr measurements were screened automatically, and every increase of 50% and more from baseline was evaluated by a study researcher (T.Y.D.) who reviewed the medical records. In unclear cases, the data were evaluated by another researcher (B.R.-Z.), and in case of disagreement regarding the diagnosis of AKI, another researcher (R.R.) examined the data and made a decision. We collected all AKI events during the first 5 years after the transplantation or end of follow-up. For each episode we collected the timing, peak SCr level, and recovery (SCr within 20% of baseline value after 1 month from the index measurement).
Outcomes
The primary outcome was the composite of MACE and all-cause mortality. We included all-cause mortality for a number of reasons. First, the etiology of death is, usually, multifactorial and the contribution of CV disease might be underappreciated. Second, the recorded cause of death might be misleading and thirdly, including all-cause mortality in the composite outcome reduces the risk of bias by competing risks. The secondary outcomes included death censored MACE (including CV death and censoring death attributed to other etiologies) and the individual CV outcomes; coronary artery disease (CAD), cerebrovascular disease, peripheral vascular disease (PVD), and CV mortality.
CAD was defined as myocardial infraction, acute coronary syndrome, and coronary artery revascularization (percutaneously or by surgery). Cerebrovascular disease included cerebrovascular accident (CVA), transient ischemic attack or carotid or cerebral revascularization. PVD was defined as hospitalization due to peripheral ischemia, need for revascularization or need for amputation due to limb ischemia. Congestive heart failure (CHF) was defined according to an echocardiogram demonstrating new onset reduced systolic heart function or hospitalization due to pulmonary or peripheral edema attributed to cardiac origin. CV mortality was defined as mortality attributed to CVA, PVD, CAD arrhythmia or CHF.
All outcomes were collected from our electronic medical records system that provides a detailed report of all the hospitalizations during the study period, including other hospitals in Israel. Two study researchers (M.M. and I.V.) evaluated all reports for outcome events and, in case of any doubt, another researcher (B.R.-Z.) evaluated the report and made the final decision.
Statistical Analysis
Results are expressed as mean and SD for normally distributed data and median and interquartile range (IQR) for non-normally distributed data. Differences between the means of different groups were analyzed using Student t test for normally distributed and Mann-Whitney U test for non-normally distributed data. Differences in frequency distribution were estimated using the χ 2 test. For missing data analysis, we used multiple imputations with 5 repeats. All available variables were included and multiple logistic regression was used to impute missing variables.
For survival analysis, we used univariate and multivariate Cox proportional hazard model. As AKI event s occur over time, the analysis was done in time varying manner with AKI event as the time-dependent variable. The proportionality of hazard assumption was evaluated by examining the interaction between each variable and time. For estimated glomerular filtration rate (eGFR), the proportional hazard assumption was refuted. As a result, we evaluated the effect of eGFR quartiles on the primary outcome and found that only the lower quartile had significant effect on the primary outcome. As a result, to adjust for possible confounding effect of eGFR we stratified all multivariate analyses according to eGFR quartiles (the lowest quartile in 1 strata and the 3 other quartiles in the other). For multivariate analysis, we used stepwise forward regression model with a significance level of 0.05 for inclusion. To the results of the regression model, we added the factors that were significantly different between the groups and factors considered as possible confounders. The final model included age, history of heart disease, diabetes mellitus at 6 months, hypertension at 6 months, donor type (living or deceased), current smoking, treatment with statins, treatment with beta blockers, delayed graft function, and hospital stay after the transplantation procedure. 
Results
Four hundred and fifty-eight patients underwent kidney transplantation in our center during the study period. Of them, 416 where included in the study. The reasons for exclusion are presented in Figure 1 . The characteristics of patients included in the study are presented in Table 1 .
One hundred and twenty-four patients (29.8%) had a least 1 episode of AKI at a median time from transplantation of 266 days (IQR 60-760) and 12 patients (9.7%) required renal replacement therapy. Patients with AKI at any time were significantly more likely to be current smokers and experienced delayed graft function after the transplantation. There was also a trend for patients with AKI to be hypertensive. The characteristics of patients who had AKI events during the follow-up are presented in Table 1 .
The most prevalent etiologies for AKI were acute infection (36 patients), undetermined cause (26 patients), and hypovolemia (20 patients). The etiologies of all first AKI events are presented in Table 2 .
Association of AKI and Primary Outcome: CV Including All-Cause Mortality
During a median follow-up time of 7.2 years (IQR 4.3-9.1), 244 outcome events occurred in 144 patients; the outcome events are presented in Table 3 . By time-varying Cox regression analysis, AKI was associated with an increased rate of CV outcome or death (hazard ratio [HR] 1.96, 95% CI 1.36-2.81, p < 0.001), and the association was still significant by multivariate model (HR 1.76, 95% CI 1.18-2.63, p = 0.005). Table 2 shows the association between the different etiologies of AKI and the primary outcome. Hypovolemia was not associated with an increased risk of the primary outcome, and by multivariate analysis there was a non-significant trend towards association with reduced risk. AKI due to infections was not associated with the primary outcome, however, by multivariate analysis there was a non-significant trend towards increased harm. Due to the low number of cases and no outcome events, the association between acute rejection and the primary outcome could not be evaluated.
Subgroup analysis for the main outcome of CV events and mortality is presented in Table  3 . There was a significant interaction between gender and the association between AKI and cardiovascular disease (CVD; p = 0.011 for interaction). While there was no association between AKI and CVD in women, in men it was associated with a highly increased risk. Other factors did not have an effect on the association between AKI and CVD.
Association of AKI and Secondary Outcome: CV without All-Cause Mortality
During the follow-up, 118 patients had an event of death censored CVD events (including CV death but censoring death from other causes). By univariate time-varying Cox analysis, AKI was associated with CV outcomes by univariate (HR 1.74, 95% CI 1.17-2.58, p = 0.006) and multivariate adjusted analysis (HR 1.8, 95% CI 1.17-2.86, p = 0.008), respectively. Table 4 presents the association of AKI with the different components of the primary outcome. As can be seen, there was a trend for association of AKI with a worse outcome for all these outcomes. However, all-cause mortality and CV mortality were the only outcomes that were significantly associated with AKI. 
Association of AKI and Secondary Outcomes: CAD, CVA, PVD, CV Mortality and All-Cause Mortality

Association of AKI Timing and Primary Outcome: CV Including All-Cause Mortality
To evaluate the possible interaction between AKI timing and the risk of CVD, we analyzed the outcome data according to AKI timing post transplantation (within 3 months, between 3 months and 1 year, and more than 1 year). As can be seen in Table 5 , there was no interaction between the timing of AKI and the primary outcome by univariate and multivariate Cox analyses. Although, by multivariate analysis AKI within the first 3 months was not associated with the risk of CVD, there was no difference compared to AKI events that occurred at other time intervals (p > 0.5).
Effect of Kidney Function Return to Baseline Value on the Association of AKI and Primary Outcome: CV Including All-Cause Mortality
Of the 118 AKI events during the follow-up period, the eGFR went down in 68 events (57.6%) within a month to a value within 20% of baseline. These events were defined as fully recovered AKI. In contrast, AKI events in which the eGFR was more than 20% above baseline at 1 month were considered as non-recovered. By univariate time-varying Cox analysis, both recovered AKI and non-recovered AKI were associated with an increased rate of the primary outcome (HR 1.87, 95% CI 1.2-2.7, p = 0.006) and (HR 2.11, 95% CI 1.26-3.53, p = 0.008) respectively. However, by multivariate analysis, recovered AKI was not significantly associated with the primary outcome (HR 1.48, 95% CI 0.9-2.44, p = 0.126). Non-recovered AKI was still associated with the primary outcome even in the multivariate-adjusted model (HR 2.25, 95% CI 1.3-3.9, p = 0.004).
Discussion
In this study, we found a significant association between AKI events and MACEs in kidney transplant recipients. This association has not been described before in this group of patients.
This association was extensively studied in other populations: patients that developed AKI during hospitalization [13] , patients after acute coronary syndrome [14] and percutaneous coronary interventions or bypass grafting [15, 16] , tricuspid annuloplasty [17] or patients after non-cardiac operation [18, 19] with conflicting results [13] . In a recent metaanalysis that included 25 studies involving 254,408 adults [12] , AKI was associated with an 86% increased risk of CV mortality and a 38% increased risk of MACEs. When stratifying outcomes, a 58% increase in CHF with a positive correlation with AKI severity was found, and a 40% increase in acute myocardial infarction and a 15% increased rate of stroke were also found. In the present study, we found a significant increased risk for all-cause mortality and CV mortality in the kidney transplant patient population but not for the different components of the primary outcome. This is most probably due the relatively small sample size. Interestingly, AKI due to hypovolemia was not associated with MACE. It should be noted that in a prior study from our group, AKI due to hypovolemia was the only etiology not associated with reduced graft survival [1] . We can assume that the lack of structural kidney damage might be an important factor in these phenomena.
The positive association between AKI events and MACE does not necessarily mean causality as patients that are prone to develop AKI may have risk factors for CV events that might mediate the association [12] . It is interesting that non-recovered AKI was associated with an increased risk for the primary outcome. This finding correlates with studies in the non-transplant population that have found that in patients with hospital acquired AKI, complete renal recovery was associated with a lower risk of long-term MACE in comparison with those who did not fully recover [20] . Furthermore, non-recovery from dialysis was associated with a higher risk of CHF and death [21] . This suggests that the higher risk of MACE associated with AKI might be partly mediated by the known correlation between CKD and CV risk [22] .
What distinguishes our research from other studies in different populations is the fact that kidney transplant recipients are a special combination of a transplanted kidney and a recipient that, up to the transplantation, do not share a common medical background or risk factors. As a result, the increased CVD risk associated with AKI cannot be attributed solely to risk factors in the recipient and the increased CV risk is more likely associated with the AKI events and not only with the propensity to develop AKI.
The association between AKI and MACE was found in our cohort to be positive only in male patients. This could be explained by the higher CV event rates in male transplant patients [23] and a reduced power to detect the effect of AKI in the subgroup of female patients due to a relatively small number of AKI events. We could not find any plausible explanation nor similar results in other populations to explain this difference [1] [2] [3] .
Although our study represents a large contemporary cohort with sensitive methods for AKI and MACE identification and a sufficient follow-up time, it has several limitations. First, our study is a single-center, retrospective cohort study, which make its external validity somewhat limited. It is also important to note that our study population is all Caucasian, so our results may not be applicable for non-Caucasian populations. Second, we choose to use only one of the KDIGO laboratory criteria for the definition of AKI (elevation of SCr of 50%) and not the additional criteria of absolute elevation of 0.3 mg/dL in SCr. We excluded these criteria since patients after kidney transplantation have a heterogeneous range of baseline SCr values and an absolute elevation of 0.3 mg/dL might be too sensitive. The result might be an over-diagnosis of AKI as 0.3 mg/dL might represent a relatively small percentage of the baseline creatinine value. However, it is possible that by using the more stringent definition of AKI some mild events were also missed. To prevent the effect of the donor factors and the perioperative instability, we excluded delayed graft function events and AKI events in the first 2 weeks post transplantation from analysis such that our results are not applicable for events occurring at this early period.
In conclusion, our results demonstrate a strong association between AKI events and the risk for CVD and death in patients after kidney transplantation. These findings may suggest that we should increase our awareness on CV risk prevention in patients with previous AKI events and consider the use of preventive measures, as well as encourage lifestyle modifications. As prospective studies cannot be done, further studies in larger and more heterogeneous populations are needed to validate our results.
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